A phenomenological method to predict the evaporation residue cross section in superheavy mass region is presented. It makes us possible to understand what are main contributors to the cros ssection and to perform the systematic analysis for understanding fusion-fission mechanism by finding a deviation from the average property by means of this method.
Introduction
In these ten years, the synthesis of unknown superheavy elements, that is one of interesting subjects in nuclear physics, has been experimentally proceeded in GSI(Germany) [1, 2] , FLNR-JINR(Russia) [3] [4] [5] , LBNL(U.S.A) and RIKEN(Japan) [6] .
A confirmative theory to treat the formation process of evaporation residue(ER) nuclei is therefore needed not only for analyzing the experimental date but also for predicting an unrevealed region. However, we have no reliable method to estimate the ER cross section mainly because of the difficulty in the treatment of the shape evolution of colliding nuclear system from the contact stage to the well defined fused stage.
It is believed that one of the way to estimate the ER cross section is to solve the time evolution of the reaction system. From an approaching stage of colliding partner to a final stage being formed a unified system or reaching to a scission configuration, the evolution of the configuration has to be solved by means of a stochastic differential equation like as Langevin equation. But it contains a lot of difficulty that should be overcome.
As an approximate way, combining the dynamical calculation with the traditional statistical model for the evaporation process, many hybrid attempts have been performed [7] [8] [9] [10] [11] . A model for estimating the fusion probability by the statistical method limiting the dynamical path of shape evolution is also proposed [12] based on the di-nucleus model [13, 14] .
In the present paper, we propose a phenomenological method to estimate the ER cross section systematically. The cross section is expressed by five main terms that contributes almost independently. They are expressed as an exponent of 10 and the sum of them are defined as Synthesis Index (SI). By introducing an adjustable factor A, we get an expression for the ER cross section as σ ER = 10 SI+A (pb). We can show that almost all of the experimental data are reproduced with the accuracy of ±0.7 orders by using common value of A.
In the following sections, we present more details on SI, the systematic data analysis and a reliable predictions.
Five contributors to σ ER
Following is the list of main contributors to σ ER .
(1) The index for the formation probability is given by [15, 16] 
which is valid for Z ≥ 102. α 0 = 0.55 for α < 0.63 and α 0 = 0.65 for α > 0.63. For Z < 102, the effect of the liquid-drop part of the fission barrier becomes more important and the above formula should be modified. The form of this function is coming from the expression for the probability to overcome a potential barrier ∆V by thermal diffusion with a heat bath of temperature T : P ∼ exp(−∆V /T ). The details in P for (= exp(−∆V /T )h(Z, α)) is derived so as to reproduce the experimental formation probability at the Bass potential barrier [17] . Here, h(Z, α) indicates the probability that the system reaches to the CN after overcoming ∆V and α is the mass asymmetry in the entrance channel.
(2) Since an increase in the shell correction energy by one MeV results in one order enhancement of the survival probability, the contribution to the index is −δ shell , where δ shell is the ground-state shell correction energy. Here , we take it from the Möller's mass table [18] .
(3) The contribution to the cross section depends on the neutron number of the compound nucleus N . The index for the neutron number dependence is (N − N o )/6, where N o is an arbitrary reference number. The factor 6 appearing in the denominator is derived from the result that a six-unit increase of the neutron number in a compound nucleus enhances the survival probability by one order of magnitude. This is because, when the neutron number of compound nucleus increases, the neutron separation energy decreases and, as a result, the survival probability increases in competition with the fission process [15, 16] .
(4) The energy dependence of the survival probability is derived from a systematic analysis. The index for excitation energy E is −a(E − E 0 ), where a = 0.36 for β gr 2 < 0.12 and a = 0.2 for β gr 2 ≥ 0.12. E 0 is an arbitrary reference energy, here it is 18MeV. β gr 2 presents the deformation of CN. The difference in the slope is coming from the difference of rotational enhancement in terms of β gr 2 in the calculation of Γ n /Γ f [16] .
(5) When the incident energy is lower than the Bass barrier by ∆E, the barrier penetrability T B should be taken into account. T B is usually calculated by using an inverse parabola with strengthhω. The index for the penetrability is log 10 T B , T B = {1 + exp(−2π∆E/hω)} −1 . Summing up these terms, we define the Synthesis Index as follows:
where k is the wave number of the incident channel. The experimental data [19] [20] [21] [22] [23] [24] [25] [26] marked by the solid circles are scattered within the band. The experimental upper limits are also shown. The remarkable point is that the even-odd effect in the 209 Bi-target is well reproduced. If we check the content of SI, it is found easily that this even-odd effect is coming from the coincidental enhancement of the even-odd differences in barrier penetrability and the shell correction energy. As shown in Fig.1 , the reproduction of all experimental data with ±0.7 orders means that the reliability of the prediction to unknown element production is presented with this accuracy. As for the new experimental plan in RIKEN [6] , the production of the element 113 by using 209 Bi target is predicted as 0.3pb (0.06∼1.5pb). The production of the element 115 is hopeful as well as the case of the element 113. Figure 1 also shows that if we use 208 Pb target, the possibility to find the elements 112, 114 and 116 is the same order. Figure 2 and 3 show the maximum cross section for producing Z = 102 ∼ 111. So called the hot fusion and the cold fusion are plotted in the same figure. The solid circles show the experimental data [3] [4] [5] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . We can see that the favorable target for producing superheavy elements is lying in Pb-Bi and Sn-Xe region for the cold fusion. The formation probability in Sn-Xe region is 3 or 4 orders smaller than the case of Pb-Bi region, because of the small mass asymmetry in the entrance channel. However, the neutron richness and the slightly large shell correction energy in Sn-Xe region cancel the fusion hindrance, and the comparable yield with Pb-Bi region is recovered. As a conclusion, we mention that almost all of the experimental maximum cross section are reproduced by the method presented here. In this method, the fusion hindrance and the survival probability in the competition of fission and neutron evaporation process are classified in terms of five main contributors to the cross section. The precise investigation of these terms is instructive for further theoretical investigations and experimental planning for finding new elements.
Some results and concluding remarks

